I CU-acquired weakness (ICUAW) complicates critical illness and is an important determinant of acute and longterm outcomes. The consequences of ICUAW are profound. Respiratory muscle weakness prolongs duration of mechanical ventilation, contributes to weaning failure, impacts rates of reintubation after failed extubation, and is associated with poor outcomes, including increased transfers to long-term acute care facilities and death (1, 2) . Likewise, limb muscle weakness limits ambulation and performance of activities of daily living and impacts patient morbidity for years (3, 4) . Survival after the acute episode of critical illness places an enormous burden on patients, families, and healthcare systems (1, 5) . As a result, intensivists strive to develop effective rehabilitation strategies to prevent or treat this devastating complication.
In this issue of Critical Care Medicine, Parry et al (6) provide an excellent review of previously published randomized controlled trials that examined the use of neuromuscular electrical stimulation (NMES) to treat or attenuate limb muscle weakness in a general population of critically ill patients. Using rigorous predetermined criteria, the authors evaluated studies that included six cohorts of patients (138 total subjects). They provide a detailed analysis and side-by-side comparison of these prior studies, including a well-synthesized and thoughtful discussion that delineates what we have learned thus far from the application of NMES in critical illness.
NMES is one of a number of treatments that might improve muscle function in ICU patients. Since Bailey et al showed that mobilization is safe and feasible in mechanically ventilated patients (7) , others have confirmed that early mobilization improves outcomes (8, 9) . In addition to early mobilization, more aggressive exercise regimens, including cycle ergometry, have been used to prevent muscle atrophy and improve strength in critically ill immobilized patients (10) . Finally, the institution of sedation protocols and daily interruption of sedation are thought to be essential in facilitating mobilization (11) .
Despite the numerous studies promoting early mobilization, implementation of this practice into routine ICU care is limited. Although safety and feasibility have been shown, many healthcare providers maintain that sedation interruption and early mobilization place patients at risk for unwanted complications, including accidental extubation, dislodgement of catheters, worsening respiratory status, and hemodynamic instability. Furthermore, most research in this area employed multidisciplinary teams (nurses, technicians, respiratory therapists, and physicians) and used special equipment to implement early mobilization. Many hospitals may not be willing to support these costs for additional personnel and equipment. Furthermore, a recent multicenter trial examining outcomes in ICU patients that received daily sedation interruption showed no benefit compared with patients who did not, challenging the present dogma (12) . The reality is that in many critical care units, early mobilization just does not occur. As such, intensivists should consider other approaches to ICU rehabilitation.
NMES may offer a viable and practical alternative to ICU rehabilitation. NMES can be administered very early during the course of critical illness while the patient is in bed, regardless of the level of sedation or analgesia. Caregivers may be more amenable to this intervention, as the risks of accidental extubation, dislodgement of catheters, worsening respiratory status, and hemodynamic instability are almost nonexistent. This therapy provides a nonvolitional training regimen that does not require a multidisciplinary team of healthcare workers and numerous, relatively inexpensive stimulators are commercially available, suggesting that NMES may be less costly than early mobilization.
Despite the potential benefits of NMES, several issues need consideration. Effective delivery of NMES is limited in obese patients and in those with significant limb edema. Additionally, NMES can only target a limited number of muscle groups. For example, respiratory muscle weakness is an important manifestation of ICUAW, but stimulation of limb muscles does not directly target these muscles. This is important because liberation from mechanical ventilation is arguably the most practical way to improve mobility in ICU patients. Furthermore, some patients may be nonresponders as reports indicate that NMES results in only weakly palpable or no contractions, observations that are consistent with ICUAWinduced muscle inexcitability. In these individuals, NMES may not generate sufficient levels of muscle force generation to achieve a beneficial effect and further efforts to increase current density to achieve contractions may produce unwanted side effects including pain or burns.
Your logic was impeccable, Captain. We are in grave danger. In view of these concerns, it is reasonable to speculate that methodological refinement of NMES could improve the application of this modality in ICUAW. One alternative approach would be to target the key muscle groups that are needed to perform a specific task, rather than limiting NMES to a single muscle. Theoretically, this could be achieved by alternate stimulation of synergistic muscle groups. In addition, the use of NMES in combination with other interventions, such as anabolic therapies or volitional tasks (functional electrical stimulation), could augment its efficacy. Furthermore, although commercially available stimulators with preprogrammed stimulation protocols simplify the application of NMES in clinical settings, these protocols may not be optimal for use in ICUAW. Stimulation protocols that achieve muscle activation similar to what occurs during voluntary contraction where asynchronous motor unit discharge produces steady forces with relatively low neural firing rates might produce more robust and physiologically relevant outcomes. Theoretically, stimulation protocols could be graded based on individual responsiveness and used to achieve an aerobic training effect as has been reported in some patient populations. If this is possible, NMES could preserve muscle mass, improve muscle quality and function, and restore muscle endurance in patients with ICUAW.
Although the data supporting the use of NMES in ICUAW are limited, this form of rehabilitation in critically ill patients holds great potential. Future studies with NMES, however, need to be carefully designed with attention to the aforementioned issues. Investigations should be scientifically rigorous with objective and well-defined physiologically relevant outcome measures, realizing that muscle performance is not merely a function of muscle quantity (size) (13) . Functional capacity is critically dependent on muscle quality (force generating capacity) and muscle endurance. We must also reassess the emerging notion that ICU rehabilitation should be reserved for select groups, excluding those with preexisting functional derangements or comorbidities (14) , as NMES has been shown to improve functional capacity in a wide range of chronic diseases.
